We demonstrate all-optical XOR logic function for 40Gb/s DPSK signals in the Cband, based on four-wave mixing (FWM) in a silicon nanowire. Error-free operation with a system penalty of ~ 4.3dB at 10 -9 BER has been achieved.
All-optical nonlinear signal processing is seen[1] to be critical for future telecommunication networks to overcome electronic bandwidth bottlenecks as systems progress to 640Gb/s [2] , Terabit Ethernet [3] , and beyond. All-optical logic functions, an important aspect to this, have been investigated in a variety of platforms for both onoff keying (OOK) formats [4] [5] as well as advanced modulated formats involving phase-encoded signals, such as differential phase shift keying (DPSK) [6] [7] [8] . However, many platforms suffer from significant limitations of one form or another, such as dispersion in highly nonlinear fiber (HNLF) [6] , free-carrier induced patterning effects in semiconductor optical amplifiers (SOAs) [7] that ultimately limit high-speed operation, and the requirement for precise temperature control periodically poled lithium niobate (PPLN) [8] (PPLN). Therefore, alternative platforms are of significant interest to circumvent these issues and allow the integration of these devices into real systems. Nanophotonic devices in highly nonlinear materials such as chalcogenide glasses (ChG) and silicon are key to reducing operating power requirements since they can achieve extremely high nonlinear parameters (γ =  n 2 / c A eff , where A eff is the waveguide effective area) -from 15 W 1 m 1 in ChG waveguides [9] , 95W 1 m 1 in ChG tapered fiber nanowires [10] , and 300W 1 m 1 in Si nanowires [11] . This enabled the first demonstration of chip-based alloptical exclusive-OR (XOR) logic gates at 40Gb/s and 160Gb/s for DPSK signals in ChG nanowires [12] . In silicon, devices operating at lower data rates have been reported based on micro-ring resonators [13] and two photon absorption (TPA) [14] , but operation beyond 1 Gb/s has not yet been achieved. Here, we report a silicon nanowire based XOR all-optical logic gate operating on a 40Gb/s (33% Return-to-Zero) DPSK PRBS data stream in the C-band via FWM. We achieve error-free operation (10 -9 BER) with a penalty of ~ 4.3dB. This device is expected to operate at even higher data rates owing to the ultrafast response of the Kerr nonlinearity and broad phase-matching of the nanowire. Our results show that while free-carrier dynamics degrade device performance to a degree, they do not pose a barrier to efficient device operation at extremely high bit rates.
The experimental setup is shown in Fig. 1 . Two 40 Gb/s RZ-DPSK signals were generated from CW laser sources centered at λ = 1550.18 nm and λ = 1551.86 nm, followed by a pair of Mach-Zehnder electro-optic modulators. The first MZ modulator carved 40 GHz RZ pulses with a 33% duty-cycle, and the second encoded DPSK data on the pulses at 40 Gb/s with a 2 7 −1 pseudorandom bit sequence (PRBS). The two DPSK data streams were amplified by an EDFA and separated by an arrayed waveguide grating demultiplexer. An optical delay line (T) created delays between the two data streams. The average power of each signal was 30 mW (incident, or ~9 mW in the waveguide) for a combined average incident launch power of 60 mW. The CW probe was centered at 1565 nm with incident average power of 30 mW. The TE polarized signal and pump were combined with a 80:20 coupler before launching into the waveguide with polarizations aligned via polarization controllers (PC). The XOR product was then extracted using a 1-nm optical bandpass filter (BPF) and demodulated by a delay line interferometer demodulator before detection with a 40 Gb/s receiver (RX). Note that a destructive port of a DPSK demodulator was used in our experiments. An EDFA and 0.6-nm BPF were used at the receiver to improve the optical signal-to-noise ratio (OSNR) and BER measurements were performed to evaluate the system performance. The optical spectra at the waveguide output contained the probe and signal spectra separated by ~ 15 nm as well as the XOR idler spectrum at 1537nm generated by FWM, and showed a conversion efficiency of  -25dB. Figure 2 shows the demodulated waveforms of the two input DPSK data streams along with the XOR signal, all extracted by tunable band-pass optical filters and detected by a Picosolve optical sampling oscilloscope. Figure 2 clearly shows that the phase of the FWM idler is a result of the XOR logic function between the two input signals. The corresponding optimized eye diagram is shown in Figure 2 , with all signals detected by a 65GHz detector and sampling oscilloscope. The eye diagram of the 40 Gb/s demodulated XOR signal is clearly open, highlighting the effective all-optical XOR operation. Finally, the system performance of this chip-based XOR logic function was confirmed with bit error-rate (BER) measurements. Figure 2 shows the system penalty measurements indicating a penalty, relative to back-to-back operation, of  4.3dB at 10 -9 BER. 
